Introduction
Human mesenchymal stem cells (hMSCs) have a multilineage capacity to differentiate into cells such as adipocytes, osteoblasts and chondroblasts. 1 These cells can be isolated from numerous tissues including BM, adipose tissue, muscles, deciduous teeth, umbilical cord blood, synovium, brain, blood cells and vessels. [1] [2] [3] [4] [5] [6] [7] Among them, adipose tissue has been reported recently, as an attractive source of stem cells for tissue engineering applications, because of its abundance and easy availability, as well as being a rich source of stem cells with a high growth rate. [8] [9] [10] hMSCs have great potential for tissue engineering and therapeutic applications such as, cell and gene therapy, treatment of osteogenesis imperfecta, Hurler syndrome, asthma, metachromatic leukodystrophy and neurological disorders, [11] [12] [13] [14] [15] [16] [17] [18] and also hematopoietic therapy for anemic patients who have received high-dose chemotherapy for their malignancies. 11 Fetal bovine serum (FBS) has been used to expand hMSCs for these clinical experiments, 11, [15] [16] [17] but the clinical applications of hMSC culture containing FBS may not be clinically safe. [19] [20] [21] Residual FBS in hMSCs has been known to stimulate the host immune system, [22] [23] [24] [25] mainly in patients who have received repeated administrations. 26 Anaphylactic reactions to FBS have also been reported. [27] [28] [29] Preparation of 10 8 hMSCs grown under standard culture conditions in FBS will carry B7-30 mg of FBS proteins. 30 FBS proteins are internalized into the cells and cannot be removed by simple washing of the cells. 30 It is this internalized FBS that may result in immunogenicity.
Furthermore, animal sera may transfer several pathogens 31 such as, mycoplasma, prions and viruses. 21 Therefore, extensive washing is required to remove the FBS proteins before administration to patients. To overcome these potential problems, the substitution of FBS was achieved with autologous serum. 31 However, human serum also has its disadvantages as it is in short supply and difficult to purchase. 32 Although human serum is not free of risk of pathogen transfer, regular disease checks may guarantee a pathogen-free status. This study aimed to evaluate effects of human placental serum (HPS) as a human fetal serum on proliferation and morphology of human adipose tissue-derived stem cells (hADSCs) in comparison with autologous serum (AS), human allogeneic serum (HAS) and FBS.
Materials and methods
Human sera preparation Placental, autologous and human allogeneic blood was collected from 12 informed healthy mothers undergoing cesarean section and donors, respectively. The blood samples were kept at 4 1C for 4 h without anti-coagulants and allowed to clot and then centrifuged twice at 2500 r.p.m. for 10 min, and pure sera were aliquoted and stored at À20 1C until use.
Isolation and culture of hADSCs After informed consent, adipose tissues were obtained from individuals undergoing elective abdominal surgery. Isolation of hADSCs was according to Zuk et al., 33 briefly, these stem cells were cultured at 37 1C, 5% CO 2 in low glucose DMEM (Sigma, St Louis, MO, USA) containing 25 mM HEPES (Biosera, Ringmer, UK), 100 U/ml penicillin, 100 mg/ml streptomycin (GibcoBRL, Paisley, UK) and either 10% FBS (Sigma, USA) or 10% human sera. hADSCs were also cultured in the absence of the antibiotics. After 24 h, the culture media was replaced and when the cells were confluence or a monolayer of adherent cells were achieved, the cells were trypsinized (0.25% trypsin/0.2% EDTA; Sigma, USA). The harvested cell suspension was used for later passages and/or evaluation by flow cytometry with the culture medium being changed every 2-3 days. Although proliferation of FBS-MSCs was decreasing and after six passages were unable to reach confluence, the human serum containing cultures were stopped at the third passage because of inadequate serum amount, whereas the HPSMSCs could be passaged more than 25 times.
Morphological classifications
Morphology of hADSCs was visualized using phase contrast microscopy (Nikon, Melville, NY, USA) and classification of cells was determined by analyzing cell shape and cell processes. According to previous studies, three major sub-populations were defined: (a) MSCs with a spindle shape cells, (b) large flat cells and (c) triangle cells. [34] [35] [36] [37] A fourth sub-population as mitotic or round cells was also included. To assess effects of different sera on cell morphology, ADSCs were cultured on coverslips. After the cells were fixed and stained with the H&E method, 10 micrographs were taken from from 10 randomly chosen fields in each slide down the microscope equipped with Nikon camera. Cells on micrographs were counted and categorized as spindle-shaped, flat, triangle and round mitotic cells. Application of these classifications for the FBS group was very difficult because of the heterogeneity present in the cultures. Therefore, only real spindle, round and triangle shaped cells were counted. The other large polymorphic cells were considered as flat cells. Values were averaged and presented as the percentage of the above mentioned morphological classification types. Values of the spindle factors (the major/minor cell axis) and cytoplasm/ nucleus ratios were obtained by Image J software (http:// rsb.info.nih.gov/ij/) in a double-blind manner.
Growth kinetics
Groups of hADSCs in media supplemented with 10% of each of four related sera were plated in flasks at B4000 cells/cm 2 . After harvesting confluent cultures the number of suspension cells was counted to calculate the doubling time, flow cytometric evaluation and MTT assessment. Doubling time was obtained using the following formula: hADSCs were cultured on coverslips as mentioned above, and fixed with 4% paraformaldehyde for 2 h. The fixed cells were washed using PBS/1% BSA and nonspecific Ags blocked with 10% goat serum and then incubated with the primary MSCs-specific Abs CD44, CD105 (Dako Corp, Carpinteria, CA, USA, 1:1000) overnight at 4 1C. After washing thrice in PBS/1% BSA for 5 min, the samples were incubated for 30 min at room temperature in HRP-conjugated goat anti-mouse secondary Ab (1: 200 DAKO). DAB staining was used to visualize Ag expression on cells. The OD of CD44 color was measured using Image J software.
MTT assay
The cell growth rates of MSCs were determined by formazan formation in hADSCs cultured in media supplemented with human sera and FBS. Briefly, 10 4 hMSCs were cultured in 24-well plates for 48 h and then serum-containing media were replaced with a basal medium containing 0.005% MTT solution (400 mL DMEM þ 40 mL MTT). After 4-h incubation, the medium was discarded and the precipitated formazan was then solubilized using DMSO. The colored solution was read on a microplate reader at 540 nm. Cell number was determined through a standard curve calibrated using a known number of cells counted using a haemocytometer.
Alkaline phosphatase assay Coverslips of cells were fixed for 5 min with acetone/ citrate solution (3/2) at room temperature and stained with Naphtol solution (Sigma) and Fast Red for 1 h Effects of human placental serum on ADSCs H Shafaei et al at room temperature according to the manufacturer's instructions. Cells were counterstained with MayersHematoxylin for 5 min at room temperature.
Statistical analysis
All values are stated as means ± standard error. The results were analyzed by ANOVA. 
Results

Morphological evaluations of MSCs
Effects of different sera on cell morphology are illustrated in Figure 1 . The primary culture of hADSCs in medium containing human sera had a morphological pattern different from that of FBS containing medium. MSCs treated with human sera and FBS were mostly spindle (Figures 1Aa-c) and stellate shaped (Figure 1Ad ) at passage 0 (P0), respectively. The size and shape of FBS-MSCs changed markedly from the first to the third passages (Figures 1Ah and l) , whereas the spindle morphology of HPS-MSC, AS-MSC persisted with minimal alterations (Figures 1Ae and f) throughout these passages. In comparison, the HAS-MSCs, shifted towards a triangular form (Figures 1Ag and k) . The cell patterns of HPS-MSCs, and AS-MSCs were more homogenous triangular or spindle shaped, whereas that of FBS-MSCs was mostly flat and heterogeneous shaped (Figures 1Aa-l) . These morphometric data are summarized in Figure 1C . To achieve a percentage of cell types, initially, all three kinds of small cells were counted and then all polygonal cells were considered as flat cells. The dominant cells in AS and HPS cultures were the spindle and triangular type (Po0.001) (Figure 1Cc ). Cells cultured in FBS supplemented media dominantly were triangles in p 0 , whereas in late passages (P3) flat cells become dominant (Po0.001) (Figure 1Cc ). Spindle factor ratio was significant (Po0.001) among groups except for HAS-MSC and FBS-MSC ( Figure 1C ). As it was evident from flow cytometric analysis, the percentage of large cells in FBS-MSCs was significantly (Po0.001) greater than in those treated with human sera (Figures 1Ba-c) .
From the same starting density of the hADSCs from one donor the cells were cultured in HPS and FBS supplemented medium, and by passage three only HPS-MSCs reached 100% confluency after 3 days (Figure 2Aa 
Proliferation assay
The absence of antibiotics in the cell cultures did not have significant effects on proliferation of hADSCs. The doubling time of cells cultured in human sera (Figure 3a) , the percentage of mitotic cells and the MTT assay (Figure 3b ) all confirmed high proliferation potency and high ability of maintaining desired morphology of cells cultured in human sera. Contrary to those limited passages of cells cultured in other sera, the cells treated with HPSMSCs were able to reach passage 25. This shows that the stem cell-like properties of the MSCs treated with HPS persisted throughout these passages.
Trypsinization
Variations in the trypsinization time (2-2.5 and 4-6.5 min for HPS-hADSCs and FBS-hADSCs, respectively) were observed. Cells that were treated with human sera were the easiest to detach from dish surfaces. It seems that flatness of the cell or the greater surface area can be the cause of delaying of cell detachment. Furthermore, the heterogeneity of cells seems to vary the time needed for cell detachment. 
Immunophenotyping
The analysis of surface markers showed that the MSC populations cultured in media supplemented with different sera had very similar immunophenotypic characteristics. Examples of surface molecule profiles for selected markers are shown in Figure 3 . All of the populations studied expressed CD90 and CD44. However, expression of CD44 was variable among the different populations (Figure 4a) . Expression of CD90 and CD44 in HPS-MSC populations did not change during up to 17 passages (Figure 4c) . The HLA-DR, CD33 and CD7 surface markers were shown to be negative in all groups (Figure 4b ).
Immunocytochemistry
Immunocytochemistry studies confirmed the expression of both CD105 and CD44 of hADSCs cultured in FBS and HPS (Figures 5A and B) . The expression of CD44 in FBS-MSCs was significantly lower than HPS-MSCs ( Figure 5C ).
Alkaline phosphatase evaluation
Alkaline phosphatase activity of HPS-MSCs was observed to be weaker than that of the FBS (Figures 6a and b) . Flow cytometric analysis also revealed that the expression of alkaline phosphatase in the FBS-MSCs was abundant (80.2%), whereas that of the HPS-MSCs was only 18.8% (Figures 6c and d) .
Discussion
This study showed that HPS is very similar to AS which may be potentially used in cell therapy management, especially in light of the typical shortage of AS or in the case of aged transplant patients, whose sera have typically insufficient levels of growth factors.
Morphologically MSCs are categorized into two cell types: spindle-shaped cells and flat cells. [38] [39] [40] As previously reported small rapid and flat slow cycling cells have been classified as immature and mature cells, respectively. 34, 38 In our study we observed different morphological features of cells in various supplemented sera. Cells cultured in FBS supplemented media dominantly were triangular in P0, whereas in late passages (P3) flat cells were more dominant. Flat cells attached to the dish more strongly in FBS-MSCs cultures than in human sera. 34, 41, 42 FBS contains high levels of proteins such as fibronectin, which may result in strong adhesion of cells to dish surfaces 43 and because of the feeling stiffness of bed, the cells differentiate to osteoblasts. 44 In our work, greater expression of alkaline phosphatase has been observed in FBS-MSCs culture than in HPS. These findings might indicate that differentiation has occurred more in FBS-MSCs culture than in human serum cultures, which is consistent with Shahdadfar et al. 41 findings. However, it is reported that HAS-MSCs typically were similar in appearance to FBS-MSCs. 26 Although we found that triangular cells in human sera, especially HAS, were also included in the rapidly cycling class.
This study, as well other studies showed that the use of human sera in culture medium has some advantages over FBS, with proliferation of hMSCs. It has been previously reported that HAS has no proliferative effects on MSCs. 41, 45 Contrary to this finding, our results suggest that HAS supplemented media has strong effects on hADSCs proliferation versus FBS, which may be due to our fresh human serum. However, the effects of human allogeneic serum/plasma are contradictory. 46 As mentioned before, HPS has had a similar proliferative effect to autologous serum. Moreover, HPS has lacked the undesirable effects of FBS. Therefore, replacing FBS with HPS seems to be a logical decision. The possible reasons for the proliferative effects of HPS could include the presence of plentiful growth factors in the fetal serum. 47 FGF-2, among placental growth factors, is known to have a most powerful effect on MSCs proliferation. 35 Fortunately, this growth factor seems to be in both fetal and maternal circulations during normal pregnancies. 47, 48 On the other hand, there might be a correlation between the type of growth factor isoforms in serum and the types of their receptors. 49 This shows that compatibility between growth factors present in human serum and hMSCs, which is essential. Therefore, serum species is important for MSC. This could explain why HPS has an effect on hADSCs proliferation.
Conclusion
In summary, we suggest omitting FBS from hMSC cultures for clinical use because of its drawbacks. Our study showed that among the human sera investigated, HPS provides an appropriate microenvironment for the growth of stem cells. Although there were no significant differences between HPS and AS on both proliferation and morphology of hADSCs, the abundance and ease of harvesting cells grown in HPS are a legitimate reason for substituting AS with HPS. Future studies are still required to address effects of this serum on other aspects of hADSC features such as differentiation. Effects of human placental serum on ADSCs H Shafaei et al
